<i9)B*sfciw (jp) 02) & 45 ft & Wi (a) oottfHiffi&aHre 

#$2002-134524 
(P2002-134524AJ 
(43)i»BB %K14*p 5)110 0(2002. 5. 10) 



©DInta' 
H0 1L 21/331 

29/73 
C3 0B 29/44 
H01L 21/205 

29/205 



F I rn-rim) 

C3 0B 29/44 4G0 7 7 

HOIL 21/205 5F0 0 3 

29/205 5F045 

29/72 5F10 2 

29/80 H 
*T »#B©»5 OL (4 7® S*Hfc8< 





4HB2000-32863KP2000— 32G631) 


C7DWHA 


000004226 


(22X&MB 


¥j£l2*F10JJ26B (2000. 10. 26) 




«sc*=f«inK*w=Ta 3# i ^ 






(72)«W# 


<M* HI 
























100081259 








#a± ruj i^c (ni«) 











(54) ^-&*¥«#«sass 

(57) 

Bfc&S I nGaPf^o r de r/d i s o r d e r 

£*rr& i n g a pm^t^mmmms^m 
&nm*mre$>&i'V3> (so «bbu;ii+g 

ffflto ( S i ) fc^Lfcn-GaAsfe&jK^Sn 

w^®io3t©aiepS^tt!ii»^-^y (e) »s 

anLfcp+GaAs feS^^^fS^-X® 1 0 4 £i£.fk 
Sb*«5Xl0 18 atoms/cm3 i&g^ 
*>0®SSnM«!8j (Si) Sr^fc'Sb^JOl 
n G a P*6&*X§ y 0 5 tSjSSnS^ttSj 
(Si ) J-SaniLJtn+GaAsiS^^SxSy^ 

v rm i o 6^&stoM^*»iBte&-c;& 



n+GaAs 



Sb^OInGaP/ 



p+GaAs 



H04 



n-GaAs 



n+GaAs 



GaAs3£t£ 



-106 

-105 

3i * j/*Jg 



103 
102 
101 



1 

IWmmil GaAsffiSLtOWlSfUfclnGaP 

&%<ti>-m£±k<r)imi nGaPSSi^ Mr? 
agT10 1 'atoms/cm 3 &L±.OfflgfflR<r)T> 

( s b ) vaztixmz t mmt-rzit&fo 

[t&£«2] GaAsSeUbfc^WS^I nGaP 
agtlO"atoms/cm 3 £Ub<OSSEH<OT^ 

(Te > i^znx^&ztztmt^&it-swm 

tlf*JB3] GaAsg«±fc«Jl$*lfcInGaP 

i!*5t< i: t»-S£Lh<OmE I n G a P&SE+fc. Ifip 
fflgXl O"atoms/cm' fiLh^lftSKHOt'X 

■?x(Bi) c t iHf&fcrsfc^fe* 

[|f*«4] GaAsS«_tfc««$ft*:InGaP 

4*5r< i: t-mXh<0B9S I n G a PMUM'Pt. HH 1 
l6igtC10"atoms/cm3 ja±<OiftSKH<^b# 

(As > trtsttiT^hzt zmLt^hte&mmw 

[f££>I5J GaAsSeLhfcaJISiUtlnGaP 

>J?%<b t>~f§m.<omi I n G a P£JH*fc. Srf- 
Ifn0"atoms/cm3 £U:05»g3KB<OT>' 
f^E> ( Sb) . T-tW (Te ) . h'XVX (B i ) . 
bgg (As) . <T)o^2Wm±.<r>mVisZ1xX\^ 

[000 1] 
[0002] 

[«**>««] 1 1 1 -vmit&fcmwrL>tc&^7- 

o#&S>\M X-yhyViSz? (OT. HBTfcw 
o ) ti. ^-Xjf ± 0 K3rv 77*9; 

fflv^s £ t i> &< tt&hxn* . 

[0 0 0 3] HBTOftaW&fllfcLT. *<.-XJI#G 
aAsl"C> XS^tratfGaAsgfifcteTgS-r 
SA 1 GaAst>L<tiI nGaPT*SAl GaAs 
/GaAsStKHI nGaP/GaAs*H5« 
TftS. MH&IYCI nGaP/GaAs^oS& 



(2) «^2002-134524 

2 

li. A 1 GaAs/GaAs'vrnSco'tJHSLTJJlT 
[0004] (1) I nGaPiGaAs^SJ^iy 

bh. ( 2 > vwomt^TuQiizmzA s t pc# 

Atfl£*tf>fcx$ -y ^/^-XtfBofcfcltSttSiW 
10 <lT^SAlGaAsjgSt^ft:tI)aSilST^-r 

v\ ( 4 > ^T*^mx<m&sm&m< . 

InGaP«t$£tM. (5) InGaPliGa 

as^»a i Ga.As£imLxmmj*>itmim.\ 

1512 ( 1 ) b (2)«>*»7M**»». 

[0005] 0ii.tr. xs •/^/<-xmffis^H« 

20 J&h&WiTyt-TJte'/l-yrmXl&GaiAsnZ. 

mt- vymB&mxv+yrmx&i nGaPo 
x-v&gmizxvi-ymti. *?>mwi 1 o o om 
±.xs>z>t:ib. ^m^mmcnMiMm^^j:*). m 

30 [0006] w^tr „ &gtf±tfZ\ib'*-/l><?>mX 

mtfrnrnt. immftm&Ti-zm£i>h#. ae 

viJKk£^b0<QmS£^tti&%<% , ). HBT^-C7 
-m?bLXm^&m&£.®&fflb%:Z>. I nGaP 
/GaAslHBTU. £tf)J: d^«^ U 7 h&i 

^»fi^Jfi^fc*fil=3r*a^E^ffl«S (MOCVD) 

[0007] U»U5r#&. InGaPSSSIi. or 
der/d i sorder (fflBO/^ffiHQ) flBa^^T 
40 UfttfeO. £<3£&fc«fcoT;. GaAsg«cfc*&? 

I n G a PWO' H^r f y 7l*K-E g# 
1. 83eV*»ii>l. 9 16eV^«HT«LTL^ 

■f . ^> 7 Ttt 1 . 9 1 6 e V b-^i^tZ 

bumhtix^ifi. HBTxwmmsibLxim 
/vimmmnxmsit^m-Lx orde rtm*t> 

d i s o r d e rffijS'V t> L<ttS#^SltrSflSi& 
50 [0008] @8fctt-0«fc LTj£SSJSt J: H 



(3 

3 

[ooo9j ^mm<nnm\izimth^>Y^ 77 

?>8Wi v I nGaP/GaAsA.-fog^-Cli±te 
£^3£gAEcfcM«2*l. 0. 108eVH0. 
198eV>\fc£|W£. AEc<9HBT'\<75i£Bli x 
3W^^-m«[-mffi^ttfc3®lS. HBT-CI1. 31/ 
^-m^-mffiffttiit^-fc-y hVc e, off se 
t£Wl/Ci39. Vce, of f setJilTOni^* 10 

e, of f set|±l*7^ -X* r 4:*-Ki:3l' 
[00 1 0] 

e , o f f s e tmE<0(f £oSfco&#9. gV*"Ctt 

ft. HBTffl?ii8*s,fitf^tofrfc:&/t-e. *pg»>x 20 

^SrJ^XtatS&fpft&ggH-C I nGaP/GaAs 
£HBTxt'>x;\£f8&r&*&£\ -e^-tt-B« 

tf^o#{Cj:S I nGaPffljgcWJjHtfcj^LTA 
E c jft^aWS f: v * 3 PIS*^ t & . 
[0011] xmiliznX 5%j!Hz&x.X*2tUzt> 

T^KBfc&S I nGaPlWorder/d i s or 

d e rmm.m®**m-c% . 30 
mwmsm&mfeth zti mt 

[0012] 

[ass£)wiH-&fc*>o#a] ^oid^aw&ajfer 

*^H8«. GaAs/I nGaPM^J* 
gfcxh-JlfcfcVvC. *<0»j£JBT*S I nGaPlt 

oy 1 *>^-ttifr 1 St, L< tt 2SKLb^l3KS:-Hi-€ r ix 
fiffiftreiOiVcm* JJLh<^ffiSKHT^ni$<l-C 

nGaPJfjfc^a^jfcgiSg^V/I I IftgOJfciBfe 

fc-£<0AE c*AE v<^£:Tf Sfc^llJ^flSiK 

[00 13] ^gMffCtt. I nGaPfl^fflV^«^T 
A>f;*fcLTHBTWfcfc«5£LTlfiHLT^£#. I 
nGaPimt'GaAsSFET (SH^Sh^y 

Efcl nGaP«^^UT«»&ltLTfflV^HEM 



*tPI2002-l 34524 
4 

[0014] 

<mswmmmm. GaAsg«±fc«Ji§*i 

fcl nGaPSfi^tf^SfiKitfeV^. 4*Sr<i:«> 
-SULhcOBOlBI nGaP&HJ14»fc. fiMSTl 0 
"atoms/cm 3 jJUb<0ifte«Hor^f-*^ ( S 

[0015] *mcw^wmimmsm. 

G a A sg«±fc«J13iX*: I n G a P£A£4tr£j| 

mmica^x. 'j?%<ti>-m&Lt<7)imi nGaPg 

fil+fc. fiffSgtC 10^ atoms/cm 3 j^j.^, 
jig&BOx/l^ (Te ) kfc^a^ 

[ 0 0 1 6 ] £ t>iz. *m<MtGmmffi5mfk 

11. GaAsS«±fc:«B3*lfcInGaPiIJl,£#tf 

mmtizti^x. ^<i:«>-»a±^i5£i no a 

PSSl+fc. SfireiOi'atoms/cm' J3L 
xOSSEBOt*;*-?* ( B i ) #fr**tO*6£fclC 

[0017]**;. *&n^&fl^fl&ra&tt. 
Ga A smLU=fflS2tl*: I nGa P^S-^tf^S 
fiBittJ^T. ^<fct-JlJaJi(OmlBI nGa P« 
iSS+fc. I^MtlCatoms/cma JJLhW 

wgfflmtm (as ) tf***L?»tcfci3&B*3r 

[0018] Sfefc. *&#^£fc^*ISIBfeSI 
14. GaAsfflg±fc«13*lfcI nGaP&flS^tr 
^eflUSfcfcV^T. 'J?%<ti>-m&±(0®mi nGa 
PSSS+fc. If!l!rP10"atoms/cm3 & 

iwrngggmoTytty (sb> . (Te) , 

h'X-?X(Bi) . bS(As) .<0d^2S«ia±^ 
[0019] 

£J8tvb. 

CfSteHl ] KIT. *»!l*>-~£m*M=&ftYC 
IfltS. HUi. *^<OHtt0lltteftS^Tn« 

-f=3r45t^N6MHt<OGa AsSSl 0 l±t^ 
liSni^FttircfcS^Uny (Si ) £SanLfcn + 
Ga A sHA^^i-r/a^^ ^® 1 0 2 k®§Sn 

( S i ) *^jDL^n-GaAsJgS*>^S 
3W^^10 3t©SJSpS5ptt^-^y (C) 
SanLfcp +G a A s 1 0 4 Sr^ 

S3-«:ft. Tyf-^y (Sb) *«5Xl0"atom 
s/cm 3 »C»». *>0ffiffiSnS^E% (S i ) * 



5 

mm&nwppm <Si) £aailU:n+GaAste& 
A»£>&Sx$ y-rm 1 0 6£jfcg3-ttt:l$tf>i8i 

StfteHBTJI*tj§£^LTV^. 

[0020] 0 2 tya 1 £^ l Jtffi^<7) s b gam I n 

CB-Jfcg§Sg£JIJV\ nGaP^OSbjSSll 
mi*m^gkmzXf*&Zitt:1imi>>e>(r>l nGa 

0*»i»BB^*^J:dtC. SbSraaraLfel nGaPTO 
A'y K=*> Tiliii*j#frl±± 0 . 1 %*8rc*£tf>fc*t 
U sb£^L&v^Ttt±3%fc*£&3S&£^ 

[0021103 fcfcL 0 1 fc^LfcffiilfciittS I n 
G a P WO Y <y TfitfHKfiH&ttfTDtf Jr^ 
UCV>5#. 50III*)j£fifci}VYti,±0. 2%*Stfc: 

*fSS&0rra. Sb<oSJg#5xi 
0 18 at oms/cm 3 JiLhtfDd©^-^ ^< 
0" atoms/cms ELtCiMUf. m 

[oo2 2] imm2^m4\t.*m&mim2iz 
tetter h^y^x^ffl^asefio 

Jf fiBtfc^WC . I n G a P ( T e ) 

£r3Xl0 17 at orns/cm' jgJg&JllLTtTe&SD 
I nGaP4»^&xS^^107*^rrSHBTX 
eoJItnB^LTIr^. TeJil nGaP^fcfc^T 

0. S i fc^WSa^tfiSV*. Bfc5* LfcffiJ&OTe 
Sam I n G a PmwO VX* ~r7m: 7 it WkS * «y 

SfcfS»o£tt. ±l%SSTfc^. SgflsWlfcifcRL 

w xm ■ w&&mzixh tmfsm'bz . 
[0 0 2 3] imm3)m5it.*%mcrm&t3£. 

m*m&5cmv2>z. t*x-?x < b i ) #3x i o" 

atoms/cm 3 g£&£*l.SB i&flM nGaPfr 
&&&x$??j|l 0 8££trHBTXtftf>SflfjS£^ 
LtV5. 0fc^Lfcfi)i§?>B i^Snl nGaPtOKy 

AyH^^r<oMrttfc{ts^o^(i. ±o. 
lxsffcfeo* n«ifiaiiTiiBaLfcH2^g*^H3s 

WTO. Bi#3X10"atoms/cm3 Ja±<0« 
££*Lfc#. ^<fctSS* { l 0»atoms/c 

n»3 BLtcawar, mftymmhtih. 



(4) ^rH2002-l 34524 

6 

[0024] Cf££W4 ] 06HL *3K&OfiSS0l4fc 

WJBt^tWC&S. tf (As)^3X10"at 
oms/cm 3 jftg&^ft&As 83)111 nGaPi'W 
£x * -y ?M 1 0 9 £3ttH BTXtW)gfl|ji£:^LT 
0t^Lfcf8}a<OA s&fiD I nGaPC9A?>F3f 

AyK^A-^T-^ffirttctiftStf^^Ji. ±0. 1% 

HL As#3X 10" at oms/cm 3 KLh«0^5r 
^L£#. *J»5r<i:t>i§g#10"at oms/cm 3 

[0025] CiaBJl5DH7J±. ^IKHcollSIMSfc: 

*><ts^xo^<>f #-7 h =7 yisxffflmn&n 

JmSMZvttmVhh. Te#3xl0" atoms/ 
cm 3 ffi£££*U **OSb#5Xl0 18 atoms/ 
cm 3 ffiS^nSTe + Sb^lnil nGaPKW 
X* 1 1 0£#trHBTxe<DJ118g£Sl/O* 
20 Hfc^LfeflBiOTe + Sbaanil nGaP^Ay 

fc. ^K^Y-yroiBrtfc:iJtt&tr^#Ji. ±o. 

imrt*o« iut0ii-^BHtfea2<otim$-ws 
Te • sbmmammi>vm$ti^, *mm 

■Ctt, Sbt, Te5r«^-&*«yi*&&^SiB8tTV^ 
Sb, Te, Bi, As<04jc^<D9^. 2«8ia 

[0026] 

««^f^g B B Hii. GaAsSeO:fc«Ji$^I nGa 

psa^ty^JiflB&fctJv^T. &%<tt>-m&±<7> 

roainGaPfiSB+«C. K^lB^riO^atom 
s/cm 3 J2Lh<0i§SKHOSb. Te, Bi. As<D 

±<^7^n c -tttix^i(ox. m^ffUx^maM^ 

r>%^&<r>—r>ttt:h I nGaPIWyK^tvTl 
^pdf-^e^^x/Nffirt-c^-tc^o. ^xyNfStfc 

40 mm&im&TZ&t^oimffhz. 

mi i xmimfomi&iVh^Tvis&'V*- 

yY7>¥x?Mm&8&mm*t®T*>&. 
[02] Hlt^Lfc^gcOSbggiDl nGaPS5r7 
it Y)l>$*-y*;>xmtz£ 9fl£lfc/fe'.F¥ir -/7-<7) 

[03].01fc7pL)tflB§<OSbaaniI nGaP^tCtJ 
(tSlSSlHl&^N'y H4r Y 77l<0tr^O| £*t0 

50 [04 ] *HB80HM5^2 tCt5ttS^o«^s'>f 



?h? y'jxmmmmmimkmmvh & . 
[07 j *me>mm5tztivh^7-xii8te'ux-- 

[081 InGaPfcriJJtS^H^A-yT-fifcjSSa 



(5) ^2002-134524 

8 

101 GaAsifi 

102 n+GaAs (^31/^1) 

103 n-GaAs (31/^^1) 

104 p+GaAs (<—XfB) 

105 SbSanil nGaP (X*-/^) 

106 n+GaAs (X* ^fs'T'i) 

107 TegUnl nGaP (X$»/^®) 

108 B iiSflU I nGaP (iSv^l) 

109 AsSaiDl nGaP (1*7^1) 

10 110 Te + Sbaami nGaP (iSv^l) 



[01] 



[02] 



n+GaAs 



SbMlInGaP/ 



-105 



p+GaAs 



n-GaAs 



n+GaAs 



GaAsJMS 



-104 



-106 



hi 03 
-102 



-101 




-25 0 25 

4<f>7-*XA<t>&»&<!>JE« C— ) 



1.«S h 
- 1.90 

a 

1.86 



10 



[03] 



40 SO 



n+GaAs 



p+GaAs 



n-GaAs 



n+GaAs 



GaAsH&t 



1-106 



Te^DInGaP / 



H07 

^5 v9M 



-104 



( 



j-103 



hl02 
hlOl 



(6) 



1^2002-1 34524 



[05] 



[06] 



n+GaAs 



BiSsytolnGaP' 



p+GaAs 



n-GaAs 



n+GaAs 



GaAs3£$t 



H108 



^104 



-106 



103 



J-102 



-101 



n+GaAs 



As^tflllnGaP / 



p+GaAs 



n-GaAs 



n+GaAs 



GaAsS^ 



kl09 
-104 



-106 



H03 



102 
-101 



[07] 



[08] 



n+GaAs 



H06 



Te+Sb^iDInGaF 



p+GaAs 



n-GaAs 



n+GaAs 



GaAsSfe / 



1.95 



110 
-104 



H03 



kl02 
101 




450 



650 



(51)Int.a.' Higf FI 7^T3-K(##) 

H01L 29/778 
21/338 
29/812 



4G077 AA03 BE42 DB08 EB01 ED06 
EFOl 

5F003 AZ07 AZ09 BB04 BEOl BE04 
BF06 BM02 BM03 BP23 BP32 
BZ03 

5F045 AA04 AB17 AF04 BB04 BB16 
CA02 CA07 DA52 DA59 

5F102 GBOl GCOl GDOl GJ05 GL05 
GM04 GMIO GQOl HC01 



PAT -NO: 



DOCUMENT- IDENTIFIER : 



JP02002134524A 



JP 2002134524 A 



TITLE: 
PUBN-DATE : 



COMPOUND SEMICONDUCTOR THIN- FILM CRYSTAL 



May 10, 2002 



INVENTOR- INFORMATION : 
NAME 

KOBAYASHI, TAKASHI 



COUNTRY 
N/A 



ASSIGNEE- INFORMATION : 
NAME 

NIPPON TELEGR & TELEPH CORP <NTT> 



COUNTRY 
N/A 



APPL-NO: 



APPL-DATE: 



JP2000326631 



October 26, 2000 



INT-CL (IPC) : H01L021/331, H01L029/73 , C30B029/44 , H01L021/205 , 
H01L029/205 

, H01L029/778 , H01L021/338 , H01L029/812 



ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an InGaP layer, wherein the 
effect of 

order/disorder structure of the InGaP layer, causing variation in 
device 

characteristics and drop of yield, can be ignored and a constant band 
gap value 

is provided at always, as a component of a compound semiconductor 
thin-film. 

SOLUTION: A sub-collector layer 102 comprising an n+ GaAs crystal 
to which 

silicon (Si) is added which is a high-concentration n-type impurity, 
a 

collector layer 103 comprising an n-GaAs crystal to which a low- 
concentration 

n-type impurity (Si) is added, and a base layer 104 comprising a p+ 
GaAs layer 

to which a high-concentration p-type impurity carbon (C) is added are 



1 1/18/04, EAST Version: 2.0.1.4 



grown on 

a semi -insulating GaAs substrate 101. Further, an emitter layer 105 
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low-concentration p-type impurity (Si) also contained, and a emitter 
cap layer 

106 comprising an n+ GaAs crystal to which a high-concentration n- 
type impurity 

(Si) is added, are provided. 
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reproducibility. 
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